The Determination and Occurrence of a Hydrojuglone Glucoside in the Walnut ; BY C. DAGLISH
The Ovaltine Research Laboratories, King'8 Langley, Herts (Received 25 February 1950) In the preceding paper (Daglish, 1950) it was shown that juglone existed in the walnut as the glucoside of 1:4:5-trihydroxynaphthalene and not as free anor P-hydrojuglone as previously suggested (Mylius, 1885a, b) . In order to determine its role in the economy ofthe plant, the occurrence ofthe glucoside was determined during the 1948 and 1949 growing periods. The methods used, together with the results, are discussed below. EXPERIMENTAL Preparation of extracts. In order to avoid variations due to location, age of trees, soil, etc., samples were taken from one local tree. This was a mature tree, some 45 ft. (15 m.) in height, and owing to its situation, samples could be taken only from one side facing north-east. During the 1948 season, however, four other trees were sampled to find out whether the same relative seasonal variations existed. (Daglish, 1950) , extracts prepared by grinding with quartz and 0803-0-3x ethanolic HCl were quite stable provided they were protected from light. Tables 1 and 2 show that this method of preparation was the most effective, and that blanching to minimize enzyme action resulted in a loss of the glucoside.
Determination of the glucoside. The isolated glucoside possesses two properties which can be utilized for its determination. The first depends upon its reducing action. However, as other reducing agents, the chief of which is ascorbic acid, are present in walnut extracts, some method of differentiation, such as that of Lugg (1942) 1948 and 1949, respectively) . No difference was found in the concentrations of terminal and axillary buds. However, the male catkin buds gave still higher figures ranging from 6-7 % in 1948 to 4-8 % in 1949. These figures contrasted sharply with the 400-650 mg./100 g. found for the cortex and phloem of the previous year's growth and still more so with the 70-90 mg./100 g. of the xylem and pith.
With the opening of the vegetative buds in the spring there was a fall in concentration to about 500 mg./100 g. This fall was due not to any loss of the glucoside, but solely to the rapid increase in weight of the buds, from 20-30 mg. in February to 800 mg. or more at the end of March. Since the average amount per bud rose from 0-60-08 to 15 5 mg. there was actually an increase in the total amount of hydrojuglone glucoside present. The two possible sources of this extra glucoside were the previous year's growth or its synthesis in the developing buds. Spectroscopic examination of bud extracts failed to show any free juglone from which it might have been synthesized, though there was the possibility that other intermediates were used. On the other hand, the fall in concentration made it possible for translocation to take place from the cortex and phloem of the previous year's growth, to which there was a definite gradient from the older parts of the tree. (Values of 600, 1388 and 2443 mg./100 g. were found for the cortex and phloem from branches, 2 years old, 2-5 and 7*5 cm. thick, respectively.)
Male catkin8. As with the vegetative buds, the catkins showed a steep fall in concentration from the winter level of 4-7 % to some 500 mg./100 g. at the end of growth. Again this was due to the increase in weight from 40 mg. to 3 5-4 0 g. The average amount per catkin increased from 2 to 20-40 mg. at 50 % growth and then fell to about half this amount. The extra hydrojuglone glucoside, as with the buds, was in all probability drawn from the previous year's growth. A second source may have been the young leaves which had by now appeared, and lastly, as the catkins themselves contained considerable amounts of chlorophyll, it is not improbable that some was synthesized in stu.
Leave8. As soon as the buds were open, they were dissected into leaflets, stalks and the residue or growing point. A week or so later, the midribs were dissected out of the leaflets. Each of these was assayed. Examination of a number of recently opened buds showed that the hydrojuglone glucoside was distributed, 40-60 % to the leaflets, 14-20 % to the stalks, the growing point retained 25 % and the remainder was lost with the bud scales.
The mesophyll was at first resinous and deep redbrown in colour, and changed to green only when the leaflets were one-sixth to a quarter fully grown. With this increase in size there was a fall in concentration of the glucoside -and by the time all the leaflets were green, none could be detected. Assaying separately the red and green leaflets during this period confirmed this finding. Dissection of the midribs also showed that, in the red leaflets, the greater proportion was present in the connective tissue. It would appear that no glucoside was synthesized by the early mesophyll, and that received from the bud was stored in the midribs, because there was a fall of concentration from midribs to stalks to mesophyll.
The concentration in midribs and stalks fell much more slowly than that in the mesophyll, and reached a level midway between this and the previous year's growth (Figs. 2, 3 ).
With the period of rapid growth of the leaflets, the concentration increased for a short time, attaining 600 mg./100 g. in the mesophyll, and for this brief spell there was a concentration gradient from this to midribs then to stalks. However, for the main part, the gradient ran in the reverse direction until just before the fall of the leaf when, with the change in colour, there was a final sharp rise in concentration in the mesophyll.
If the glucoside were synthesized by the mesophyll, then since this shows only moderate levels with a gradient into the connective tissues just before the leaf fall, it would appear that the material formed in this period is stored for utilization in the following year. This would not account for the high levels in the developing buds and catkins. If the mesophyll is the site of synthesis of the sugar moiety of the hydrojuglone glucoside only, and this is then coupled in the connective tissue, a more rational picture is obtained. There is then a definite gradient from the midribs into the other tissues of the stem. Light appears to play no part in this coupling, for samples of leaves showed no difference in concentration of the glucoside when taken at 8.30 a.m. and 5.30 p.m. assayed 300 mg./100 g. This figure was identical with that for the rest of the current year's growth. After fertilization there was an increase both in size 87-123 mg. of glucoside per fruit, which then remained constant (Fig. 4) . Examination of the separate tissues of the fruit (Fig. 5) showed that the highest concentrations were in the epicarp and mesocarp with a definite gradient into the endocarp and seed. With the development of the lignified shell from the outer layers of the endocarp, there was a fall in concentration in this tissue as a whole; but if the non-lignified portion alone was considered, then the concentration remained fairly constant. As the weight of this soft tissue diminished with the increase in size of the shell, there was a fall in the amount of glucoside present. This loss is probably due to its utilization in the lignification process. In fruits with damaged seeds, the latter were brown and showed much more glucoside than normal seeds.
The role of hydrojuglone glucoside in the plant The results obtained show that there are marked seasonal variations in the levels of hydrojuglone glucoside in the different parts of the plant. The highest concentrations are found in the winter buds and catkins, and in the very young fruits weighing 0-51-0 g. These three are alike in that they are the resting states immediately prior to rapid growth in which there is a 20-to 100-fold increase in weight. It is possible then that the glucoside is of particular 462 C. DAGLISH I950 use in the oxidation-reductions systems associated with increased cell metabolism. Owing to this growth, the concentration levels fall sufficiently to allow translocation of this substance from other parts of the plant to these rapidly growing centres, so that the amount actually present increases.
This increase obliterates the losses that should be detected were the glucoside utilized in the formation of new tissues, save in the endocarp where there is a falling off in the amount present with increased lignification of the shell. In the previous year's growth the glucoside is also found in the young phloem immediately external to the cambium ring, where it may be used in new tissue formation.
A third possible use is found in the fact that quinones of the juglone type are toxic to the lower forms of plant life such as moulds, fungi and bacteria. The highest concentrations of the glucoside occur in tissues concerned with the reproductive cycle, and after fertilization of the flower and the maturation of the fruit are accomplished, these huge amounts are discarded in the male catkins and the husks. From this it would appear that it is used as a protective agent to ensure the success of these processes. The large amounts in the husk persist until the lignification of the shell is complete, thus preventing bacterial or other penetration to the ripening seed. Should the seed be attacked, then large amounts of the hydrojuglone glucoside infiltrate to prevent further damage. In a similar manner the vegetative buds are protected to ensure the appearance of the shoots for the following year. This toxic action was also observed by Reinking (1943) in that many annuals will not grow in the vicinity of walnut trees.
None of these suggestions for the role of the glucoside takes into account the large amounts of ascorbic acid which are known to be present in the young fruits. It is possible that there is some definite interaction of these two substances depending upon the differences in electrode potentials. This can only be determined by a further study ofthe occurrence of the ascorbic acid, which work is still in progress. SUMMARY 1. A spectrophotometric assay for the 5-glucoside of 1:4:5-trihydroxynaphthalene has been applied to extracts prepared from various parts of the walnut (Juglan8 regia).
2. Definite seasonal variations have been found for the concentration and the amount per unit of this substance.
3. These have been discussed with regard to the possible role of this substance in the economy of the plant.
